Progressive association of a "soluble" glycolytic enzyme with the detergent-insoluble cytoskeleton during in vitro morphogenesis of MDCK epithelial cells.
In MDCK epithelial cells, cell contact at confluency initiates a protracted process of morphogenesis during which several proteins known to bind the cytoskeleton become progressively associated with the detergent-resistant cell fraction and distributed to their characteristic polarized domains. Using extraction protocols that identify this tight cytoskeletal linkage, here we show a similar but slower, time-dependent enrichment in the detergent resistant fraction of glyceraldehyde-3-phosphate dehydrogenase (GAPDH), a highly abundant glycolytic enzyme that is traditionally considered soluble. Similar enrichment did not occur for two other glycolytic enzymes, phosphoglycerate mutase or lactate dehydrogenase. Insoluble GAPDH was not homogeneously distributed in the cytoplasm but rather displayed several discrete patterns that varied within and among MDCK cells. It also localized prominently to a few nuclei in the phenotypically heterogeneous cells of late confluency cultures. Disruptors of cytoskeletal filaments were relatively ineffective in the postconfluent epithelial monolayers, although use of disrupting agents implicated actin as the cytoplasmic filament that tethers insoluble GAPDH. Catalytic activity could be demonstrated in the insoluble fraction of GAPDH from postconfluent cultures, but only after release by mechanical disruption of insoluble extracts. Treatment of postconfluent cells with agents that deplete ATP diminished the fraction of cytoskeletally associated GAPDH, and levels of insoluble GAPDH were restored with ATP repletion, suggesting that ATP levels may regulate cytoskeletal linkage and thereby local enzyme activity. We conclude that the highly abundant and ubiquitous enzyme GAPDH becomes progressively enriched in detergent stable subcellular compartments during the process of epithelial morphogenesis. The process that produces GAPDH compartments is slow, suggesting that epithelial cells just at confluency, when they are typically analyzed, have not yet maximized the organizational state that can be attained in monolayer culture.